Background: The ageing of the population is a global challenge and the period of life spent in good health, although increasing, is not keeping pace with lifespan. Consequently, understanding the important factors that contribute to healthy ageing and validating interventions and influencing policy to promote healthy ageing are vital research priorities.
INTRODUCTION
The ageing of the population is a global challenge: current data suggests that by the year 2020 about one fifth of the population of Europe will be aged 65+ years and there will be a tripling of the number of individuals Physical Activity; and Nutrition. The present review is an update and summary of PANINI network findings and implications thus far. Table 1 summarises the completed and ongoing individual projects within each work package and associated references, and papers in preparation. • AGING & ALLOSTASIS: A critical evaluation of allostatic markers in the context of aging [9] • Capturing changes in functional, inflammatory and metabolic biomarkers over time in elderly undergoing major (abdominal) surgeries.
[10]
• Impact and recovery: adequate assessment of psychophysiological reserve capacity and recovery in elderly before and after major life event.
ongoing • Interventions targeting sedentary behavior in nonworking older adults: a systematic review.
[11]
• INTervention to REduce Sitting Time in older adults undergoing orthopaedic surgery: protocol for a feasibility study (INTEREST).
[12]
• INTervention to REduce Sitting Time in older adults undergoing orthopaedic surgery: results from a feasibility study (INTEREST).
[13]
• Frailty Levels in Geriatric Hospital paTients (FLIGHT)-The prevalence of frailty amongst geriatric populations within hospital ward settings: A systematic review protocol.
[14]
• Frailty Levels In Geriatric Hospital paTients (FLIGHT)-the worldwide prevalence of frailty amongst geriatric hospital inpatients and its association with healthcare expenditure and economic prosperity: A systematic review and metaanalysis [15] • Assessing the feasibility and impact of an adapted resistance training intervention; aimed at improving the multidimensional health and functional capacity of frail elderly care home residents: protocol for a feasibility study (KARE).
[16]
• Assessing the feasibility and impact of specially adapted exercise interventions, aimed at improving the multidimensional health and functional capacity of frail geriatric hospital patients: protocol for a feasibility study (SPAA).
[17]
• Determining the feasibility and impact of specially adapted exercise [18]
• The role of physical activity in the link between menopausal status and mental wellbeing [19] • Changes in the physical performance and a role of physical activity during menopausal transition.
[20]
• • Knee extension strength measurements should be considered as part of the comprehensive geriatric assessment.
[22]
• Sarcopenia and its association with falls and fractures: systematic review and metaanalysis [23] • The use of a portable metabolic monitoring device for measuring resting metabolic rate in healthy young and older adults.
[24]
• Current knowledge and practice of Australian and New Zealand healthcare professionals in sarcopenia diagnosis and treatment: Time to move forward! [25] • Clinical determinants of resting metabolic rate in geriatric outpatients.
Distance metrics for genome scale metabolic networks [27] • A machine learning model to predict 3month mortality and the chance of living independently three months after hospital discharge [28] • The impact of dietary patterns on cognition through the lens of neuroimaging-a systematic review [29] • The interplay between diet quality and cognitive performance on physical functioning in healthy aging.
[30]
• Study on the Mediterranean diet affects cognition and brain measures in community dwelling adults.
[31]
• The relationship between healthy diet and selfcontrol brain areas [ The need for ageing research in Europe [4] All studies conformed to the Declaration of Helsinki and regulations established within the respective governmental and research organisations' regulations. All studies involving human participants gained ethical approval and written informed consent; ethical approvals for each individual study were also submitted to the funder and are available on request.
WORK PACKAGE 1: STANDARDISING TOOLS AND DATA
Within this work package, it was aimed to understand the interaction between the domains of nutrition status and physical status in older adults as a matter of clinical urgency. Using large datasets and combined data across the PANINI consortium it was aimed to gain a better understanding of these domains and especially their interaction. Heterogeneity in the methods used to assess nutrition and physical domains across different studies presents a challenge [40] ; thus standardisation of methods is the project and will be accessible by request using a data access form through the PANINI website, which will be reviewed by the PANINI steering committee. PANINI is using these data to develop a set of physical activity recommendations for older adults across the range of frailty and dependency levels which will be integrated with the knowledge gained regarding nutritional intake and energy balance across the network. This will be integrated into a set of policyready recommendations for healthy ageing, as one of the deliverables of PANINI (Table 3) . One of the initial set of analyses across multiple datasets within PANINI focused on malnutrition and physical function. Malnutrition and poor physical performance are both conditions that increase in prevalence with age [41] , however, their clinically relevant interrelation has not been thoroughly studied. PANINI has studied the strength of the association between malnutrition and measures of both static and dynamic physical performance as a reflection of strength and power of muscle as a key linking substrate in a cohort of geriatric outpatients. It was found that malnutrition was associated with dynamic (chair stand test, gait speed, and timed up and go), rather than static (hand grip strength and balance)
measures of physical performance [6] . Malnutrition was most strongly associated with chair stand test (the time required for an individual to stand up and down from a chair five times) and gait speed (the time it takes for an individual to walk 4 meters at normal pace). Less strong but significant associations were found between malnutrition and timedup andgo test (the time it takes for an individual to stand up from a chair, walk three meters, turn around, walk back to the chair, and sit down) test.
There was no significant association between malnutrition and hand grip strength (an individual's ability to apply maximum force to a handheld dynamometer) or balance (the ability to maintain balance in sidebyside, semitandem, and tandem stances for 10 seconds). The expertise on malnutrition as well as physical activity and physical function measures within the cohort also helped shape the content of the PANINI toolkit. This was then implemented into new data collection within PANINI, meaning projects were able to incorporate and analyse more multidisciplinary found that in this inception cohort of generally healthy and motivated older adults, there was no association between knowledge of guidelines and physical function [7] .
WORK PACKAGE 2: PHYSICAL ACTIVITY
The loss of skeletal muscle mass and function during the ageing process (sarcopenia), when associated with weight loss, poor physiological reserves, fatigue, weakness, slow walking speed, reduced balance and physical inactivity, results in frailty [42] . Low physical activity and higher sedentary behaviour among elders impacts on sarcopenia leading to frailty and mortality [43] . from the PANINI toolkit to allow comparability (see Table 2 ).
Physical activity interventions need to be appropriate for older adults of a range of health, frailty and independence levels thus must be tailored to the individual. For example, major surgery induces stress, which combined with the prevailing physically passive coping strategy can be harmful for patients, particularly when frail. PANINI is testing a novel Adv Geriatr Med Res. 2019;1:e190005. https://doi.org/10.20900/agmr20190005
intervention known as 'better in, better out' which promotes a pro physical activity and social environment to patients before and during the entire surgical trajectory to prevent poor recovery postsurgery [44] .
Limited mobility and independence can hamper the uptake and maintenance of physical activity in frail older populations. Research suggests that seated muscle strengthening activities can be effective at improving muscle function [45] [46] [47] , however, such chairbased exercise may not be feasible among very frail dependent older adults. Further, it is not known whether such interventions might be effective at altering levels of key healthy ageing biomarkers such as inflammation. The PANINI project is developing interventions to determine their feasibility and effectiveness for different frail older adult groups, including sedentary communitydwelling adults, care home residents, and hospital in and outpatients.
Prehabilitation
The present steady increase in longevity, combined with advances in medical expertise and technologies result in an increase in invasive medical procedures, like major surgeries (e.g., abdominal surgeries or hip/knee replacements), most notably in older people [48] . These developments result in a growing demand for health care, causing rising costs and constrained resources [49] . A considerable proportion of the strain on resources is postsurgical hospitalisation, which is directly related to effective recovery from surgery. However, the ability to adequately recover from such procedures requires substantial physical and psychological resilience, which, by definition, will likely be of increased necessity with increasing age [50] . Under the umbrella of 'prehabilitation', promising new interventions are being developed that aim to increase preoperative fitness and psychophysiological resilience/reserve capacity, even in older adults, and in this way enhance postoperative recovery [8, 51] However, to adequately monitor the effects of such interventions, reliable methodologies are required that accurately and repeatedly monitor health status, not least in aged populations. This should additionally help to predict and thereby provide options to prevent eventual negative sideeffects from prehabilitation.
A potentially useful example of such a methodology is the concept of allostasis [52] . Allostasis defines health status as one's ability to adapt to environmental demands by dynamic neuroendocrine responses in multiple domains, typically associated with metabolic, inflammatory, and cardiorespiratory processes. Allostasis is "achieving stability through adaptive changes" and provides an outline to quantify health, health impact and recovery by combining generally applied clinical (bio)markers [52, 53] . Allostatic load is an index of multisystem physiological dysregulation or being in a state of allostasis [51, 54] . Allostatic load is different to frailty in that it considers a range of changes which are not usually incorporated in most conceptualisations of frailty or frailty indices, however, multisystem dysregulation in older adults serve as a warning of developing frailty after some years [51] . Further, the present project focused on allostatic load rather than frailty because allostatic load can be observed at all ages in response to chronic or severe stress, whereas frailty indices tend to focus on changes that emerge in association with ageing itself or disease. As such, there is overlap between frailty and allostatic load in both cause and consequences, but allostatic load is broader. The 'Allostatic Load Index' (ALI) [ in relation to dementia). Hence, in the aged population, these are not truly representative for the impact of, and recovery from, single major life events like surgery. Nevertheless, these promising new insights seem to provide useful avenues for designing effective prehabilitation protocols, strategies, and/or policies [10] .
Sedentary Behaviour
As an important correlate of physical function several PANINI projects have focused on sedentary behaviour. Sedentary behaviour is defined as any waking behaviour characterized by an energy expenditure ≤1.5
metabolic equivalents (METs), while in a sitting, reclining or lying posture [56] . The association between selfreported sedentary behaviour and health outcomes has been well studied [57] , however, selfreported measures of physical activity tend to overestimate physical activity Adv Geriatr Med Res. 2019;1:e190005. https://doi.org/10.20900/agmr20190005 duration and intensity and underestimate sedentary time [58, 59] .
Consequently, PANINI aims to quantify the association between sedentary behaviour and physical function, as well as, sedentary behaviour and mortality through systematic reviews with metaanalyses.
Further, in relation to sedentary time, a series of related PANINI studies have focused on interventions to reduce sedentary behaviour in older adults, including the prehabilitation described above. We published the first systematic review to assess interventions to reduce sedentary behaviour in older adults [11] . This is despite older adults being one of the assessment points in the intervention group suggests high satisfaction with the programme, with all patients stating that they were at least "likely" to keep working towards their goals in the future. However, most patients reported that achieving their goals exposed them to additional pain and was physically and mentally difficult. There was a 14.2% uptake rate, with a recruitment rate of 2.99 patients per month, highlighting the challenges to recruitment to an interventional trial among this patient group. The results of the feasibility study will be available shortly [13] .
Frailty
In contrast to more able patients undergoing elective surgery, one set of projects within this physical activity work package in PANINI has specifically focussed on more frail older adults. Estimates of the prevalence of frailty in the general population vary widely [62, 63] , but less is known about prevalence in hospital inpatients. An ongoing output in PANINI to address this is a systematic review and metaanalysis on the worldwide prevalence of frailty amongst geriatric hospital inpatients [14] .
This review is systematically searching and analysing the prevalence of frailty within geriatric hospital inpatients within the literature. If sufficient data are available, a metaanalysis synthesising pooled estimates of the prevalence of frailty and prefrailty will be conducted [15] .
Further, the prevalence of frailty stratified by age, sex, frailty definition, prevalent morbidities, ward type, and location, among older hospitalised inpatients will also be assessed. Alongside this, two specific interventions to address physical frailty have been developed as part of PANINI. One is the project Keeping Active in Residential Elderly (KARE), which is a mixed methods feasibility study presently being conducted at a care home in Birmingham, United Kingdom assessing the feasibility and impact of a six
week adapted resistance training intervention (machinebased strength training). This is aimed at improving the multidimensional (physiological, psychological, cognitive, social and emotional) health and functional capacity of frail older adults within residential care settings [16] . Finally, as a similar study Seated Physical Activity in Ageing (SPAA) is ongoing, which is a mixed methods feasibility study being conducted at the Queen Activities of Daily Living [65] and the Fried frailty phenotype assessments [42] . Psychological assessments are focussing on depression [66] and anxiety [67] . Finally, cognitive assessment is through the standardized minimental state examination [68] and social assessment through the Interpersonal Support Evaluation List [69] . This is a relatively novel approach within this area, with the majority of previous studies being solely concerned with the impact of such interventions on singular or bi dimensional perspectives of health and wellbeing in the form of physiological and cognitive health, or functional capacity. It also shows the impact of developing the PANINI toolkit as a consortium and applying this across projects to take a more multidisciplinary approach. The second novel aspect of these studies, particularly of the ongoing SPAA feasibility study, is the attempt to recruit the frailest of frail older adults with an array of comorbidities and functional deficits. These individuals would traditionally be deemed to be outside of the purview of such research.
Ageing is often accompanied by an increase in systemic inflammation, for example increases in proinflammatory cytokines (e.g., IL6, TNFα), acute phase proteins (Creactive protein) and coagulation factors (e.g., fibrinogen) [70] which are often also associated with chronic stress [71] . populations undergoing agerelated hormonal transitions, as will be discussed in the next section.
Muscle Mass, Function and Mental Wellbeing
Good muscle function is essential for the maintenance of everyday functional capacity and quality of life. Agerelated declines in muscle strength and functioning are known causes of low walking speed, mobility limitations and disabilities among older people [73] . The rate of the decline typically accelerates in later decades of life [74] , however, in women the accelerated pattern may occur in midlife [75, 76] . This difference between men and women is suggested, as mentioned above, to be due to hormonal changes occurring in menopausal years [77, 78] . In addition to physiological changes, midlife has traditionally been viewed as a psychologically stressful life phase when several competing social roles, for example, caregiving and work roles, go along with a cumulative number of losses [79] . Consequently, it is important to examine whether, and how, specific physiological events, such as menopause, contribute to physical and mental wellbeing. weaker by 7% in hand grip strength and, had lower muscle power by 6% than premenopausal women [18] . It was also found that physical activity plays a protective role as it helps to withstand the decline in muscle 
Muscle Mass, Function and Health
Particularly relevant to physical function and the onset of frailty is the health of muscle during ageing. Sarcopenia, low muscle mass and low muscle function, is an agerelated condition [81] associated with adverse health outcomes [82] . In a recent PANINI systematic review and meta analysis, a positive association between sarcopenia, falls, and fractures among older adults, independent of study design, population, sex, sarcopenia definition, continent, and study quality were found [23] . Part of the diagnostic criteria for sarcopenia is muscle strength. Hand grip strength, compared to knee extension strength, is predominantly assessed in clinical practice because of its practicality and cost. The PANINI project has found a low to moderate agreement between hand grip and knee extension strength among 960 individuals differing in age and health status [21] . Therefore, measure of a single muscle group should not be regarded as a proxy for overall muscle strength. It was also found that there were stronger associations between health characteristics and knee extension strength compared with hand grip strength among geriatric outpatients [22] , suggesting additional value of measuring knee extension strength in addition to hand grip strength. Indeed, this broader approach has been then applied in studies within the Physical Activity work package within PANINI such as the KARE and INTEREST projects.
Nutrition plays an important role in physical function and counteracting sarcopenia, which is where the physical activity and nutrition work packages within PANINI overlap. To establish dietary goals, knowledge of individual energy requirements is required. Recent studies indicated that resting metabolic rate is increased by chronic diseases in older adults independent of body composition [83, 84] . A study is currently being conducted within PANINI [26] the "Sarcopenia Roadshow" [25] . Next to educational strategies, this study identified practical issues that need to be resolved to overcome barriers in diagnosing and treating sarcopenia.
Ageing in the Era of Personalized Medicine
In order to integrate the ongoing research above on the impact of ageing, nutrition and physical activity on muscle strength and function, one set of projects within PANINI focused on the metabolic processes underlying muscle ageing. Dysregulation of mitochondrial function in the muscle is a hallmark of ageing and age and lifestylerelated diseases and so within PANINI it is being studied in skeletal muscle, applying a systems biology approach. Biomedical research is becoming more and more a data indications for tailored medical treatments. In another ongoing PANINI project, statistical models and machine learning are being applied also to the EMPOWER data [28] . This study, conducted by one of the PANINI partners, the VU Medical Center in Amsterdam, explores the association between muscle mass and strength in a cohort of older adults at hospital admission, and the incidence of four geriatric conditions (delirium, malnutrition, falls and loss of independence in daily activities) for each individual [86] . From these data a multivariate logistic regression model has been created to predict the chance of survival and of living independently for frail older adult inpatients, three months after hospital discharge. This is an example of crossnetwork collaboration and integration of the impact of nutrition and physical activity on healthy ageing in existing cohorts that would not be possible without the network.
Finally, the tools developed so far will be applied to the shared PANINI dataset, a heterogeneous set of clinical, biological, physical activity, nutrition, cognition and psychological data derived from the PANINI projects, to investigate the relation between physical activity, nutrition and the pace of ageing.
WORK PACKAGE 3: NUTRITION
Human ageing is typically associated with a gain in fat mass (adiposity), which with decreased activity can contribute to sarcopenia, and reduced mobility [87] . However, with ageing, energy intake also decreases, and undernutrition is prevalent, particularly in hospitals and geriatric outpatients, yet correct nutrition and physical activity engagement can enhance quality of life, cognition, muscle mass, and decrease fat. PANINI is assessing nutritional intake, physical activity and health outcomes in a range of older populations including frail outpatients, and associations between malnutrition and specific aspects of physical function have been demonstrated in the ongoing projects above. This knowledge can also be used to develop and test interventions to counteract frailty. Much of the research on the broadreaching effects of diet and nutrition that is published in the general media is contradictory. Controversial findings on the impact of diet on agerelated cognitive function might be explained by a combination of short and longlasting effects that cannot always be captured by neurocognitive tests [88, 89] . Besides neurocognitive testing, neuroimaging studies have provided evidence that nutrients influence brain imaging measures. For instance, alterations of the cerebral blood flow, brain metabolism, functional connectivity and integrity of the white matter have been associated with specific nutrients [89] [90] [91] . However, the study of dietary patterns better reflects the interactions between the different nutrients of a diet. Consequently, within PANINI a systematic review focusing on the impact of dietary patterns on brain imaging measures and cognition was conducted [29] . Results seem to indicate that dietary patterns correlate with alterations in specific brain imaging correlates, cognition or both. [96] . General cognitive status was ascertained with the minimental state examination [97] . In the same cohort, it was hypothesised that another factor could impact on age related cognitive performance-a healthy diet. The ongoing analyses indicate that that the previous adherence to a Mediterraneanlike diet, as assessed by the Mediterranean Diet Adherence Score (MEDAS) [98] , is associated with executive and memory composite scores [31] .
Interestingly, structural and functional alterations of the prefrontal cortex (PFC), a brain area involved in the dietary selfregulation, were associated with body mass index (BMI) [99] . Similarly, preliminary analyses suggest that structural brain changes were associated with adherence to the Mediterranean diet [32] . Moreover, in a longitudinal analysis, functional status as measured by the Lawton Instrumental Activities of Daily Living questionnaire [100] is correlated with adherence to the Mediterranean diet [30] .
Despite the mounting evidence of the benefits of a healthy dietary pattern, adherence to a healthy diet is poor and behaviour change difficult. Several factors have been reported to hamper behaviour change from the patient's perspective. Food preferences, lack of cooking skills, limited budget, low education attainment and lack of understanding of dietary recommendations were reported to impact behaviour change [101, 102] . While educational interventions did not always lead to a sustainable behaviour changes [103] , collaborative clinical methods such as motivational interviewing yielded promising results [104] . Thus, within PANINI it was hypothesized that a motivational interviewingbased approach to dietary counselling would be more effective in changing older adults' eating habits than the traditional approach. Currently, this intervention is taking place at primary care centres in Portugal [29] [30] [31] [32] .
This is an example of the links between the physical activity work package projects developing interventions and the nutritional work package.
Shared expertise and training promoted incorporation of different
Adv Geriatr Med Res. 2019;1:e190005. https://doi.org/10.20900/agmr20190005 methodologies across projects where these techniques were not currently in use.
It is not just adherence to diet that is challenging, but indeed the assessment of dietary intake itself. Assessing dietary intake is subject to bias yet quantitative methods are cost and labourintensive and only provide a narrow view of nutrients [105] . PANINI is also extending beyond nutritional intake alone by using a mixedmethods approach that can provide a richer and broader view of food choice and eating behaviours, allowing the possibility of designing appropriate interventions that address and sustain healthy food choices in older age.
Within PANINI, a longitudinal, observational, mixed methods study of communitydwelling ethnically diverse older adults aged 60 years and older living in Birmingham, UK has taken place. Many ethnic minority groups live in areas of higher deprivation and experience disproportionate health inequalities, predisposing them to a lower quality of life and poorer health than the White British population. One study aimed to explore the social networks, nutrient intake, nutritional status and physical function among this population over an 8month period using a concurrent mixed methods design [33, 34, 36] . Additionally, the study sought to measure how any changes in social networks impacted on these variables throughout this time period.
The study recruited 100 participants selfidentifying as Africans/Caribbean (58%), South Asians (34%), and other ethnicities (7%) with a mean age (SD) of 70.8 (8.1). Five social network typologies were identified using the Wenger Practitioner Assessment of Network Types (PANT) [106] : locally integrated (44%), family dependent (25%), locally self contained (16%), wider community (8%) and private restricted (6%).
Locally integrated and wider community social networks were combined to form the category, "integrated social network", while the remaining three formed the "nonintegrated social network". Nutrient intake was measured using multiple pass 24h dietary recalls. In line with the PANINI toolkit of best practice measures, nutritional status was measured using the Mini Nutritional AssessmentShort Form (MNASF) [107] . Physical function was measured using the Short Physical Performance Battery (SPPB) [33] and hand grip strength test. At followup, 81 participants provided complete data, with a mean age (SD) of 70.7 (8.2), composed of 35% females.
There were three main findings from this study [35] . Second, there was a significant association between nutrient intake, nutritional status, and physical function over time. There were significant decreases in intakes of vitamin B6, vitamin B1, iron, folate, and magnesium. Despite these declines, the intakes of these nutrients, except for folate, were still above the UK Recommended Nutrient Intake (RNI) values at followup. However, when these intakes were controlled for energy intake, the resultant intakes of these were below the RNI. A healthier nutritional status was associated with higher physical function at baseline and followup. declines in social support, illness, and issues with the weather, and more commonly identified these as negatively affecting eating behaviours and physical function than female participants. Overall, the findings of this study will contribute to the growing evidence of providing critical insights to inform programmes and approaches that can be used to improve health among ethnically diverse older adults.
GENETICS AND EPIGENETICS
Pulling together the work packages across PANINI, we have also sought to discover biomarkers able to predict the biological age Heritable reversible changes in chromatin structure and gene function, which can be used to determine biological ageing and health, are called epigenetics. Certain genes show increases in methylation across the lifespan so can be considered to be potential biomarkers of ageing [108] .
The discovery of these socalled 'epigenetic clocks' represents important progress in the field of ageing research within the last six years [109] [110] [111] . these prior studies were less recent or did not take or store blood samples.
However, loss of existing data would limit the analyses that have been possible in different population groups and limit the possibility of using 
FUTURE DIRECTIONS AND CLINICAL RELEVANCE
Given the emerging evidence presented above, some clear future directions based on the PANINI project have been identified.
Understanding which (bio)markers cluster in older age groups would seem essential to further develop the potential of the outlined ALI E . The have also been explored in more detail, providing vital information regarding the potential targets for intervention and policy guidance. As such, the PANINI project has brought together a diverse and multi disciplinary range of projects to contribute to our understanding of predictors of healthy and unhealthy ageing thus far, and is set to reveal more about these as the projects conclude and form part of the planned shared dataset, which will latterly be made open access for other researchers into ageing processes to interrogate.
